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The Eph receptors comprise the largest family of receptor tyrosine kinases.
Their activation depends on juxtacrine signalling, triggered by ephrin ligands
on an apposed cell membrane. Eph and ephrin are key regulators in many phys-
iological developmental and pathological processes. For example, EphA2 is
overexpressed in over 40% of all breast cancers, and their overexpression is
highly correlated with metastasis and poor prognosis. However, the underlying
mechanism of how EphA2 is triggered and related with metastasis is largely
unknown.
Using a reconstituted system made of supported lipid bilayers displaying
ephrinA1 ligands and live cells expressing EphA2 receptors, we have previ-
ously observed the binding, clustering and centripetal movement of ligand-
receptor complexes, followed by the activation of downstream signalling,
including phosphorylation of EphA2 kinase and recruitment of ADAM10
metalloproteinase. Importantly, when ephrinA1-EphA2 lateral movement
was inhibited by surface diffusion barriers, ADAM10 recruitment was greatly
reduced, indicating the spatial sensing ability of EphA2 receptors.
Here, we developed a subcellular-scale hybrid pattern of fluid ephrinA1 and
immobilized RGD peptide to simultaneously mimic both cell membrane and
extracellular matrix environments, with controllable shape and size. Fluores-
cence recovery after photobleaching showed that the lateral diffusion of
ephrinA1 was not affected by the presence of RGD patterns. Live cell experi-
ments revealed that cells formed integrin adhesions as well as ephrinA1-EphA2
complexes, and they displayed a more spread geometry. Remarkably, instead of
centripetal movement of ephrinA1-EphA2 clusters, as seen on lipid bilayers
alone, the ephrinA1-EphA2 clusters in this hybrid pattern are smaller and
more dispersed. Ongoing work is aimed at determining the differential
responses of downstream signalling such as ADAM10 recruitment and
EphA2 endocytosis. This method can be extended to the study of other cell-
cell and cell-matrix interactions.
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Autoimmune disease is characterized by T cell recognition of self-antigens
presented by major histocompatibility complex (MHC) molecules. Due to
the low affinity of self-peptide-MHC for the T cell receptor (TCR), autoaggres-
sive T cells are capable of escaping negative selection in the thymus. However,
despite the reduced stability of the peptide-MHC:TCR complex, endogenous
antigen can trigger self-reactive cells with sufficient strength required to initiate
and sustain an immune response. To elucidate how weak binding can activate
autoaggressive human T cells, we are developing a hybrid live cell-supported
membrane system to study signaling at the single molecule level. An artificial
lipid bilayer functionalized with peptide-MHC is used to mimic the antigen-
presenting cell and trigger T cells. Each peptide antigen is labeled with a single
fluorphore, allowing us to track individual peptide-MHC:TCR complexes
while simultaneously monitoring the local membrane recruitment of signaling
molecules. Using this living T cell-artificial membrane system and single
molecule imaging, we can directly observe early signaling events in healthy
and self-reactive T cells and better understand the mechanism of TCR
triggering in autoimmune disease.
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Mainstream approaches to examining the biophysical properties of integral
membrane proteins (IMPs) possess severe limitations, mostly as a consequence
of the instability of IMPs in solution. As a result, it has become common prac-
tice to characterize only their more soluble, extracellular domains, thus
compromising the intrinsic properties of the native IMP. For signaling proteins
such as immune receptors, an assessment of the full-length protein in its native
membrane environment is critical for revealing the true function of the recep-
tor. Tethered bilayer membranes (tBLMs) serve as the ideal system for recon-stituting receptor-lipid complexes, as they are amenable to surface
characterization methods such as surface plasmon resonance (SPR) and neutron
reflectivity (NR). With the development of these receptor-lipid systems, a
better understanding of the complexities of immune receptor signaling mecha-
nisms, which up until now include theories of allosteric effects and receptor
clustering, may well be within reach.
The studies presented here showcase the design of anchoring transmembrane
domains (TMDs) into lipid bilayers. The critical event of TMD insertion was
examined using a mimic peptide of the TMD of the T cell co-receptor CD4,
along with a hydrophobic and polar peptide which have both been characterized
previously in lipid environments using circular dichroism and tryptophan fluo-
rescence. Conducive for these studies, biotin tags were placed at the N-terminus
of each peptide to evaluate the proper formation of a peptide-lipid complex
using streptavidin capture. Relative insertion efficiency of these peptides
were monitored using SPR and tryptophan fluorescence, followed by NR
measurements to characterize their orientation relative to the tBLM. By laying
the major groundwork of constructing peptide-tBLM systems, we are progress-
ing convincingly towards novel protocols for reconstituting fully-active
immune receptor proteins into physiologically relevant lipid systems to aid
our studies of immune response signaling.
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T cell receptor (TCR) microclusters play an important role as they are the sites
of regulation of early T cell signaling. TCR microclusters are, however, diffi-
cult to study because their size is too small for conventional fluorescence
microscopy and too large for physicochemical methods that depend on prox-
imity effect such as FRET. Despite the recent advancement in super-
resolution microscopies, their use is still limited to fixed cells or slow
processes in the cell. We developed a new platform for probing and mani-
pulating TCR microclusters on a live cell by mechanical means. A two-
dimensional array of gold nanoparticles is embedded on the glass substrate.
A supported membrane, which acts as a surrogate cell membrane that has later-
ally fluid ligand molecules for cells, was deposited on a glass substrate with a
regular array of gold nanoparticles. The supported membrane interacted with T
cells and the lateral movement of TCR microclusters on the T cell surface was
effectively altered by the gold nanoparticles. This platform offers many oppor-
tunities for studying this poorly understood size regime of protein assemblies
on a live cell.
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The T-cell receptor (TCR) is a critical component in the recognition of foreign
antigens by the immune system. Still, the mechanism of triggering that differ-
entiates true antigen molecules from self-peptides is unclear. Recent work in
our group (O’Donoghue, Pielak et al eLife, 2013) suggests that that relatively
slow dissociation kinetics of the antigen/TCR complex are a major factor in
TCR triggering. Still, these kinetic characteristics vary widely between
different TCR clones, even when they are stimulated by the same antigen.
For this reason, and to investigate the contribution of other physical factors
in TCR triggering, we will discuss results from experiments using membrane
anchored TCR binding antibody fragments at physiologically relevant
densities.
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T cells use T cell receptors (TCRs) to robustly discern extremely low numbers
of agonist peptide amidst a myriad of background peptides. The costimulatory
receptor CD28 on the T cell surface engages CD80 on the antigen presenting
cell to enhance the sensitivity of this recognition process. The physical mech-
anism by which TCR and CD28 coordinate to facilitate this process remains-
unresolved due to convoluting crosstalk between various ligands, competing
receptors, and overlapping signaling proteins. Here, we have quantitatively
characterized the T cell dose response to varying surface densities of both
